A B ST R AC T The double innervation of the thyroid comes from the sympathetic and parasympathetic nervous system. Injury rates during surgery are at 30% but can be minimized by upwardly preparing the thyroid vessels at the level of thyroid capsule. Several factors have been accused of increasing the risk of injury including age and tumor size. Our aim was to investigate of there is indeed any possible correlations between these factors and a possible increase in injury rates following thyroidectomy. Seven studies were included in the meta-analysis. Statistical correlation was observed for a positive relationship between injury of the sympathetic nerve and thyroid malignancy surgery (p < 0.001; I 2 = 74%) No statistical correlations were observed for a negative or positive relationship between injury of the sympathetic nerve and tumor size. There was also no statistically significant value observed for the correlation of the patients' age with the risk of sympathetic nerve injury (p = 0.388). Lack of significant correlation reported could be due to the small number of studies and great heterogeneity between them. K E Y WO R D S thyroid neoplasm; sympathetic innervation; thyroidectomy
INTRODUCTION
Τhyroid gland is considered as one of the most important glands of the human body (12) . The complexity of the coordinated operations is reflected in its dual innervation which comes from the sympathetic and parasympathetic nervous system. Adrenergic postganglionic sympathetic fibers are vasomotor; they originate from the top and the middle cervical sympathetic ganglion and enter the gland along with its arteries. The preganglionic parasympathetic fibers originate from the vagus nerve and reach the gland with the branches of the laryngeal nerves. They also innervate the vasculature of the gland -regulating blood circulation -and indirectly affect the secretory function (20) .
Knowing the topographical anatomy of the recurrent laryngeal nerve is crucial in the case of thyroid gland surgical removal, since a nerve injury may result in hoarseness or even mutism if there is a bilateral lesion. On the other hand, although not always identified due to anatomical variations, the external laryngeal nerves innervate the cricothyroid muscle (25) . Taking into account its anatomical relationship to the superior thyroid artery, a possible injury during surgery could have severe complications in patients' quality life such as voice fatigue, decreased voice volume and range. Interestingly, the frequency of external branch of superior laryngeal nerve's palsy rages from 0.3% to 58% (21) .
The thyroid carcinomas constitute about 0.6% of all malignant tumors in men and 1.6% in women, while in Europe, between 1978 and 1997, the appearance of thyroid carcinomas increased by about 3% (5). Prognosis and treatment depends on the type of thyroid cancer, tumor size and early diagnosis. Moreover, though patients' overall prognosis is considered excellent, it is widely accepted that thyroid carcinomas have a high risk of metastases occurrence, mainly through perineural filtration; cancerous cells could be installed on any tissue along the neural axis filter and then be transferred to the respective blood vessel (7, 3, 12) . Moreover, once the nerve fibers from metastatic cells of the thyroid's primary tumors are affected, this metastasis can be applied to the same nerve fibers, resulting in their overstimulation or understimulation (6, 13) . These distant metastases are used as prognosis markers. However, until now, the issue of whether the sympathetic innervation is associated with the prognosis of primary malignant tumors has not been clarified. Total thyroidectomy is considered the treatment of choice in thyroid gland malignancies (19, 2) . Though only rarely mentioned, there is a possibility of injury to each specific nerve, especially in larger tumors. In our study, we want to examine the relationship between the malignancies of the thyroid gland and the injury risk to the sympathetic nerve aggregated.
MATERIALS AND METHODS

DATA COLLECTION
Information on clinical trials conducted between 2007 and 2015 was searched on the databases Scopus, Medline (PubMed), Cochrane Library and Clinicaltrials.org. The terms used had only the search link * AND, (e.g., Thyroid carcinoma * AND sympathetic innervation), so the results comprised all studies reporting in both search terms' sets. The data collection included all studies related to the types of thyroid malignancies, including thyroid cancer, the existence of sympathetic nerve trauma or injury absence. We also performed a search on the references of the retrieved studies and on the table of contents of periodicals related to the thyroid and its malignancies and surgical journals that publish articles on thyroidectomy. Finally, we studied the references of other systematic studies or meta-analyses of the same topic to find any additional sources within the timeline during the past three years.
STUDIES SELECTION
The parameters on which the articles were selected are listed below: a. Inclusion of both genders in the research; b. Reference of the average ages in the studied groups; c. Type of carcinoma; d. Existence of metastases; e. Number of nodes (metastatic and non); f. Existence and number of outbreaks; g. Existence and number of nodules; h. Existence of thyroidectomy; i. Existence of temporary or permanent injury or paralysis of sympathetic innervation of the thyroid. We did not include single case studies or single case analyses, since it would not be possible to extract sufficient information on group comparison from such studies. Finally, studies in the form of abstracts from conferences and scientific meetings were not included in the analysis. We did not include studies with less than 100 participants.
After thorough research and categorization of studies, the final number of studies used for the meta-analysis and further statistical correlation was seven. For all of the parameters tested, we calculated the frequencies and their distributions. In response to the patients' age and tumor size, we calculated the averages, which were then used in subsequent analysis.
STATISTICAL ANALYSIS
OpenMetaAnalyst for Windows 7 64-bit software -complete and free software designed and distributed from Brown University Public Health -and IBM SPSS statistical package version 22 were used for the analysis, while the description model used was the fixed effects model. To confirm the accuracy of the results, three different computer models, whose results converge, were used. The model chosen for the description of the analysis is the fixed effects model (9) . The statistical correlations examined are listed below: -The relationship of patient's age to the likelihood of sympathetic nerve of thyroid injury; -The correlation of the type of thyroid carcinoma with the probability of sympathetic nerve injury; -The correlation of tumor size with the possibility of sympathetic nerve injury during thyroidectomy; -The correlation of metastatic lymph nodes with the possibility of sympathetic nerve injury;
-The relationship between the coexistence of thyroiditis in patients with thyroid cancer with sympathetic nerve injury.
The analyses were performed with χ 2 methods for proving the existence of possible correlation parameters, followed by ANOVA analysis, to detect any statistical difference between the types of parameters used. All parameters studied and analyzed were grouped into categories according to their means and distribution.
To assess the investigation sensitivity, the overall reasons mutandis (summary odds ratios (ORs)) were calculated, as well as their confidence intervals. The confidence interval was chosen in accordance with the limits set out in all normal Gauss distributions and, therefore, in our study, confidence intervals are at 95%. The heterogeneity between studies is estimated as a measure of heterogeneity and is denoted as I 2 , which is a parameter calculated from a prior statistic called the Q statistic {I 2 = [(Q -df ) / Q] × 100}. This relationship describes the variability rate of the sample, which is due to the heterogeneity of the sample due to different sizes in the studies involved in the analysis rather than an error of the sampling. While the variable Q statistic depends on the number of the studies involved in the analysis, the I 2 values are between 0-100%. In a broader research context, values totaling more than 50% are considered to express great heterogeneity (6, 16) .
RESULTS
The trials included in our meta-analysis study the permanent injury of the sympathetic nerve after surgery, the temporary injury of the sympathetic nerve, the presence of other side effects after surgery and the complete absence of injury and side effects. The seven studies fulfilling the requirements are shown in tables ( Table 1) . The mean patients' age per study was 46.6131 years and the average tumor size was 1.69 cm. The average number of male patients is 46.69 men per survey, while the average number of female patients is 212.54 per survey -4.55 times more than men. There were 123 breakouts on average in patients per study and 201.33 metastatic lymph nodes, contributing to the aggressiveness of the disease. The types of thyroid malignancies observed in this study were papillary carcinoma, follicular carcinoma and goiter, and there was one study that reported Graves's disease.
The sensitivity of our sample ranges from 0.382 to 0.472. Though the sensitivity of each survey sample does not seem to be great, it would not affect the analysis due to the small number of patients participating in the study. The sample specialty ranges from 0.860 to 0.869, with the majority of values above 0.65. The values of the sample specialty range at the same level, ensuring a common logic in the investigations, despite the different circumstances considered and the direction followed ( Table 2 ).
In the independent variables model we used, if considered a negative correlation with the injury of the sympathetic nerve, we do not have a significant value to indicate the thyroidectomy in patients with thyroid malignancies is negatively associated with sympathetic nerve injury. This result is supported by calculations for the heterogeneity of individual research of meta-analysis. The value of Q = 22.950 indicates medium heterogeneity of individual investigations and that value is verified by the statistical variable I 2 , where the significance value of the variable Q is less than 0.001, and the value I 2 = 74% indicates medium heterogeneity of individual studies. Such heterogeneity observed is due to the nature of the meta-analysis and the research limits we have set, allowing a small number of studies to be included in this study. Therefore, we found a positive correlation between malignancy of thyroid cancer and injury of the sympathetic nerve tends to be statistically significant.
Subsequently, the analysis for odds ratio factor was done. The value < 0.001 is similar to that of the positive correlation of thyroid malignancy presence and sympathetic nerve injury during thyroidectomy.
Then, we performed statistical analyses of the individual studies to find the existence of a particular association. Initially, the descriptive statistics values of the parameter used in the statistical analysis were calculated. The parameters that provided sufficient and adequate information to be readily available and give good quality results are: the type of malignancy, the age, the numbers of male and female patients, the size of the tumor in cm, the number of outbreaks and the number of nodes.
The other parameters -shown in Table 1 -not included in the statistical analysis did not provide enough information or had deficiencies per survey, or they did not show homogeneity and, therefore, we did not prefer them for our analysis.
We also wanted to examine the possible relationship between the tumor size and sympathetic nerve injury. Patients were divided into two groups: tumors having a volume of less than 1.7 cm and those greater than 1.7 cm. The significance value of this statistic was 0.618 indicating no correlation between the tumor size and the sympathetic nerve injury during thyroidectomy. In addition, we wanted to examine the existence of correlation between the age of patients and sympathetic nerve injury. Patients were grouped into two categories: those older than 46 years and patients aged less than 46 years. The statistical likelihood ratio was used, reaching a statistical significance value of 0.388, which is much greater than the significance threshold of 0.05.
Finally, we wanted to test whether there is a correlation between the type of thyroid malignancy and sympathetic nerve injury. The malignancy groups are those mentioned above (i.e., one group is that of patients suffering from papillary carcinoma, one of patients suffering from follicular carcinoma and one of patients with goiter). The significance value for this parameter was 0.877, which shows that the type of thyroid malignancy is not related to sympathetic nerve injury in patients (likelihood ratio).
DISCUSSION
The prognosis of primary malignant neoplasms of the thyroid gland is high, and it sometimes reaches 90% for a five-year survival (22) . Though many factors have been proposed -such as patient's age, tumor differentiation grade, extrathyroidal extension in the surrounding tissue, the presence of distant metastatic foci, the size of the primary tumor and others -as indicators of survival, their prognostic value is debatable (1). Sympathetic innervation is directly involved with thyroid gland neoplasms, and often during a surgical intervention, its proper functioning could be affected either transiently or permanently, thus leading to complete loss of the gland functions. Taking all these into account, we conducted a meta-analysis of relevant studies during the past 3 years to investigate if there is a negative or positive correlation between the development of all types of thyroid neoplasms and sympathetic nerve injury risk.
Chang et al. examined the risk factors and incidence of central lymph node metastases (CLNMs) in 631 patients with papillary thyroid microcarcinoma (PTMC) who underwent thyroidectomy and central lymph node dissection (CLNM). Researchers conclude that male sex, tumor size ≥ 0.5 cm, extrathyroidal extension and multifocality are independent risk factors for CLNM in PTMC (6 tattooing localization is safe and feasible in patients with papillary thyroid carcinoma (16) . The bilateral areolar approach endoscopic thyroidectomy has also been evaluated as an alternate therapeutic treatment in selected patients with low-risk papillary thyroid carcinoma (PTC). Though this approach was found feasible and safe, large comparative series and long-term follow-up studies are needed to verify its oncologic safety (10) . Another important consideration is the possible thickening of the recurrent laryngeal nerve after thyroidectomy. Kihara et al. showed no impairment in the vocal cords' function in the vast majority of patients with papillary thyroid cancer (15) . Boute et al. mentioned that despite central compartment dissection being associated with total thyroidectomy, it does not increase the risk of recurrent laryngeal nerve paralysis or permanent hypoparathyroidism and was found to be responsible for increased rates of transient hypoparathyroidism in differentiated thyroid carcinoma of the follicular epithelium (4) .
Any systematic review and meta-analysis has a potential weakness of missing unpublished trials and a potential individual trial heterogeneity difficult to account for in analysis. It is obvious from the published trials that before-and-after trials tend to overestimate effectiveness, and even variation in the length of a randomized trial may affect the ability to detect underlying benefits.
In conclusion, the corresponding correlation models examined showed no significant associations for the parameters studied probably due to the small number of available studies and great heterogeneity between the surveys. A research with broader limits can ensure a greater number of studies and a smoother distribution, leading to future clinical implications. In this way, more data would be available in the meta-analysis model, allowing accurate estimation of statistical variables and producing more reliable results, which can be used as a prediction database for risk of sympathetic nerve injury of patients with thyroid neoplasms.
